Information accuracy and decision-making speed are of paramount importance in managing today's mobility of goods and people inside the city. Intelligent Transport Systems (ITS) can provide road users with updated information and forecasts on both traffic and weather conditions. The result is a higher efficiency in the use of resources and a better management of physical flows. The purpose of this paper is to conduct an in-depth review on the role of ITS supporting urban Smart Mobility, in order to identify the main gaps in the literature and propose future research streams. 71 papers have been thoroughly analysed: they are mainly focused on technology, with limited attention to value creation. Even though some benefits have been examined, a general lack of quantitative models emerged. Eventually, there is a lack of contributions considering both people and freight transport, even if they are strongly related especially in an urban environment.
Introduction
Urban population is expected to significantly grow in the next decades: from 3.9 billion people that already live in cities (54% of the whole global population) to 6.3 billion by 2050 (i.e. 66%).
Today cities are responsible for more than 75% of waste production, 80% of emissions, and 75% of energy utilisation (United Nations 2014). With regard to Europe, road transport produces about 20% of the total CO2 emissions, of which 40% is generated by urban mobility (European Commission 2015). Therefore, there is a huge interest in understanding how urban transport can become more sustainable.
Urban mobility includes both freight and people transport. The former considers the movement of vehicles (e.g. trucks, vans) whose primary purpose is to carry goods into, out of and within urban areas. The latter should be split into individual and collective transport. In individual transport the route is the outcome of a personal choice, and the most common travel alternatives are cars, motorbikes, bikes, and walking. Conversely, the purpose of collective transport is to provide public mobility services connecting specific parts of the city. Its efficiency is based upon transporting a large number of people and achieving economies of scale. It includes transport means like tramways, buses, trains, undergrounds and ferryboats. In collective transport the travels are planned by cargo owners and transport service providers. In the current literature, freight and people transport are mainly analysed individually. However, in several instances passengers and freight movements may be competing for the usage of the available transport infrastructures. In urban areas the road is often the only viable alternative for freight transport, and the vehicles have negative effects on the overall traffic situation, the environment and the safety level (Kohler 2001 In such a complex environment, Information and Communication Technologies (ICTs) can play a key role in improving transport sustainability through controlling systems more efficiently, facilitating behavioural changes and reducing energy consumption (Bull 2015) . 'Intelligent Transport Systems' (ITS) is the most common expression used to indicate the integrated application of ICTs to transport (Miles 2014) . ITS can be applied to all modes of transport, i.e. air, ship, rail and road, and to every element of a transport system, i.e. the vehicle, the infrastructure, and the driver or user, interacting together dynamically. The overall function of ITS is to support transport network controllers and other users (citizens, companies and city governments) in the decision making process (ITS Handbook 2012), leveraging on accurate real-time information about traffic and vehicle conditions. As a result, the operation of the entire transport system is expected to improve (Miles 2014 ), leading to a better use of resources and to a more rational coordination of physical flows. ITS can support transport processes in many different ways. For example, one of the simplest and most diffused applications is enabled by data gathered from GPS vehicle tracking systems, which can be used to determine expected travel times and promptly identify traffic jams. More recently, a wide range of new opportunities has been exploited by connecting Vehicles to other Vehicles (V2V) or Vehicles to the road Infrastructure (V2I). V2V solutions mainly impact on safety, thanks to applications like the advanced emergency braking systems. V2I applications could have an important effect also in improving traffic flows (Perakovic 2014 , Poslad et al. 2015 . For instance, the vehicles can set the most appropriate speed based on the future status communicated by smart traffic lights (i.e. red, yellow, green).
In line with this premise, it is essential to have a clear and comprehensive picture of the potentialities of ITS for both freight and people urban transport. In the current literature there are many fragmented contributions, each one focused on specific topics (e.g. smart traffic lights, parking spot availability, public transport location and management, tracking and tracing of dangerous goods). In order to identify further research directions, a complete picture of the extant body of knowledge should be taken. The existing literature analyses are not up-to-date and complete: none of them has been published recently (i.e. in the last 2 years) and, above all, they are focused on specific fields (e.g. freight transport). The purpose of this paper is twofold:
(i) to categorise the research on ITS for urban Smart Mobility according to the main topics addressed and the methods adopted, and (ii) to identify the main literature gaps in order to propose directions for future research activities.
Methodology
In line with Srivastava (2007) and Mangiaracina et al. (2015) , the paper selection process included the following stages:
• Definition of the classification context: it consisted of ITS applications for Smart Mobility considering both people and freight transport;
• Identification of the unit of analysis: papers published on international peer-reviewed journals and proceedings of international conferences were considered. The papers were • Collection of relevant publications: the search was conducted using a number of keywords (e.g. "Smart urban Mobility", "City Logistics", "Last-mile Logistics", "traffic congestion", "parking management", "Intelligent Transport Systems", "ITS", "freight transport", "people transport", "Smart City") and their combinations, coherently selected and in line with the objectives of the analysis. The starting point for the identification of relevant papers was a number of library databases (i.e. Isi Web of Knowledge, Scopus and Google Scholar). For each paper, the abstract, the introduction and the conclusions were carefully examined in order to select the most relevant contributions for the purpose of this review. To avoid the omission of other important papers, the majority of the cited contributions were also cross-referenced and, if necessary, included in the analysis. By applying this method, it was possible to assure adequate coverage of the extant body of research in this field;
• Delimiting the field: during the examination of the papers that were progressively found, some were recognised to be more significant than others for the purposes of the present study. Initially, more than 100 articles were found. Then, those papers addressing the topic summarily or as a collateral research theme were excluded. Consequently, 71 papers published from 2006 to 2015 have been selected to be examined in depth (none of the few papers published before 2006 was considered significant for the purposes of this analysis, since they addressed the topic in a very marginal way). The authors believe that the number of publications reviewed in this study is adequate given the scope of the analysis (i.e. focus on a restricted -although promising -subject), and this is consistent with previous contributions addressing specific research themes (e.g. Perego 
2015
) were examined first. For the purposes of this review, the 71 selected contributions were analysed and categorised according to the year of publication, the research method adopted, the type of urban transport considered, the type of data analysis and the aims / main topics tackled. All the papers were first summarised and then categorised in accordance with the review criteria, which was also helpful in identifying patterns that suggest interesting themes or possible gaps (Meixell and Norbis 2008).
Summary of review: research methods adopted
As mentioned before, the selected papers were first classified and examined according to the main research method adopted, namely literature review, simulation, case study, analytical model, benchmarking, survey, and conceptual framework. Moreover, they were also categorised according to the type of data analysis (i.e. qualitative and/or quantitative analyses) and the type of urban transport, i.e. people vs. freight, in order to detect possible relationships with the choice of the method. As shown in the rows in Table 1 , a wide range of methods was used in the literature. Among these, the two most adopted ones were case study and simulation. The papers based on case studies ( Analytical models were mainly used to quantitatively assess the benefits enabled by ITS in terms of KPIs (Key Performance Indicators, e.g. lead times, delivery delays) or, in a few cases, of economic returns. Surveys, instead, were mainly intended to investigate users' behaviours (e.g. drivers, citizens) or to depict an extensive overview of city strategies related to mobility.
Literature reviews were mainly focused on freight transport. The authors usually analysed the state of the art in order to identify recent trends and research gaps: for example, Anand et al.
(2012) provided a review of the main innovations regarding ITS technologies and policies.
Some other authors focused on more specific subjects, e.g. ITS impacts on transport sustainability (Goldman and Gorham 2006) . In the case of benchmarking, a collection of available data from ITS implementations was used to estimate the achievable benefits. Finally, a few authors attempted to develop conceptual frameworks (e.g. based on causal maps) related to the adoption of ITS solutions.
As expected, the research methods chosen by the authors depend on the objectives of their analyses. For example, analytical models were mainly used to provide quantitative tools that can be used in different contexts: the solution of a problem is reached through a well-defined, scientific and analytical calculation process. In a similar way, other authors developed simulation models to assess and predict the dynamic unfolding of events or processes, subsequent to the setting of certain parameters by the analysts. In most cases, both analytical models and simulations could be applied also in different application contexts than those for which they were firstly designed (e.g. it is possible to change some input data -like the size of the city, the type of vehicles, etc. -and calculate how the results vary). Instead, case studies or surveys were usually less generalisable, because of the specificity of the analysed cases.
The methods used by authors significantly differ based on the type of transport. On the one hand, ITS impact on people transport was investigated through a large variety of methods, with a slight preference for case studies (13) and simulations (10) . On the other hand, case studies (11) and literature reviews (7) were the preferred methods for addressing the theme in freight transport. In addition, also the type of data analysis significantly varied depending on the research method used. 58% of the 71 selected papers illustrated quantitative evidences.
Specifically, papers based on literature reviews, conceptual frameworks and benchmarking methods typically introduced only qualitative results, whereas simulations and analytical models of course always introduced quantitative analyses. Instead, case studies and surveys can be both qualitative or quantitative: 52% of case studies and 57% of surveys reported quantitative outcomes. Obviously, the quantitative outcomes emerged from case studies differs significantly from those provided by analytical models and simulations. Case studies are empirical analyses which investigate contemporary phenomena in their real context (e.g. a parking lot, a road junction, a city), and the outcomes obtained are specific for that contexts, while the results achieved through analytical and simulation models are usually more general.
The analysis confirmed that the impact of ITS on both people and freight transport has not investigated in depth through an integrated approach yet. However, a certain number of authors 
Summary of review: ITS for people and freight transport
Papers are quite uniformly distributed between people (38 papers) and freight (33) transport.
People transport
The main application fields emerged from the literature related to people transport are Traffic management (13), Public transport (11), and Parking management (8) . A few papers (6) do not focus on a specific application field, but analyse Smart Mobility in general. Results are summarised in Table 2 . 
Case study 
Public transport

ITS solutions can support public transport in multiple ways, as shown by numerous projects already implemented worldwide (IoT Observatory 2012). The diffusion of ITS in this field
gives the opportunity to investigate deployed solutions in depth. Indeed, case study and benchmarking are the most used methods, as reported in Table 2 . Despite their very low diffusion, a few notable contributions are based on quantitative models.
In particular, Cheng and Li (2013) presented a simulation model named "Fuzzy Neural
Network" to estimate the benefits achievable through AVLS. For example, in presence of public transports, the system decides which signal(s) and for how long should be red. Gibson (2015) presented an analytical model to estimate the time benefits, including the effects on travel time and access time, for the bus user. The user times decrease by 57%, from 1028.3 h/day to 438.9 h/day. The increase in the off-peak demand has a strong positive effect on benefits in a range of 28-39%. In contrast, the increase in the passenger renewal rate significantly reduces these benefits due to a higher access time loss.
Parking management
Parking is limited in almost every major city in the world leading to traffic congestion, air pollution, and driver frustration (Yan et al. 2011 ). On average, it takes 7.8 minutes to find an To have a clear overview of the drivers' behaviours, survey is a method that can be found in literature. In this regard, Bilodeau, Soar and Cater-Steel (2010) interviewed 133 randomly chosen drivers using a cluster sampling approach: survey questions focused on past and potential future parking experiences to help reduce any bias from creeping into the study.
Freight Transport
As cities are dominant centres of production and consumption, large movements of freight affect urban activities (Rodrigue, 2013) . As a matter of fact, the number of freight vehicles moving within city limits is expected to continue to grow due to the current distribution practices based on low inventories and timely deliveries, and the growth of business-toconsumer electronic commerce that generates significant volumes of personal deliveries Differently from those related to people transport, the papers dealing with ITS in freight transport do not focus on individual application fields (e.g. Traffic management, Parking management). Therefore, they were classified on the basis of the scope: most of them (20) analysed the implication of ITS only within an urban environment, whereas others (13) extended the scope of the analysis to the upstream supply chain, where multiple modes of transport are often available and decisions have usually consequences on last mile logistics. (2010) Behrends ( There is also an important amount of literature analyses. Anand et al. (2012) analysed the trends and the relevance of modelling research on city logistics and attempted to identify gaps in modelling urban freight domain. Other papers used surveys or simulations. Gevaers et al. (2014) investigated the main drivers that affect the B2c last mile delivery costs. The authors developed a tool to simulate these costs whereby last-mile characteristics were used as independent variables. The main factors considered were the consumer service level, the type of delivery, the market density/penetration, the type of delivery vehicles (and ITS adoption), and the environmental impact (e.g. due to packaging). For example, simulating a last mile delivery within a densely populated urban area (>1,500 inhabitants/km²) or a rural area (<50 inhabitants/km²) led to a cost difference of 5 euros/unit delivered (2.75 euros vs 7.75 euros respectively).
Discussion: the main research gaps
Although different studies have been conducted so far on ITS for people and freight transport in the urban context, and several facets have been deeply investigated, a number of topics are still under-represented or missing, as emerged from the reviewed literature. In order to provide some indications to address future research activities, we listed the main limitations emerged from the literature.
Lack of up-to-date and complete literature reviews focused on ITS for urban mobility
Although good pictures of the extant literature on ITS for urban mobility have been taken by several authors, these analyses are not up-to-date (all the 8 literature reviews were done before 2014) and complete (7 of 8 literature reviews focused only on ITS for freight transport, neglecting all the scientific papers based on issues and opportunities enabled by ITS technologies for people transport). In addition, the literature reviews examined in this study should better report possible classifications of papers on the basis of specific variables (e.g.
areas of benefits, type of technology, type of stakeholder involved).
Emphasis mainly on technology aspects, with limited attention being paid on value creation
It can be observed that papers on ITS for urban mobility are mainly focused on technology aspects, neglecting value creation (e.g. cost-benefit analyses) or addressing the topic in a very marginal way. Although some impacts and benefits have been examined in terms of travel time reduction and environmental effects, there is still a general lack of quantitative models (i.e. only the 35% of papers reported a quantitative assessment) for measuring the overall impacts of ITS technologies in the urban context, and for splitting them among the several stakeholders involved.
Lack of models / frameworks including both people and freight transport
This analysis has confirmed that the impact of ITS on both people and freight transport has not investigated in depth through an integrated approach yet. Although a certain number of authors 
Conclusions
This paper investigated -through an in-depth literature review -the role of ITS for urban Smart Mobility, and illustrated the most diffused research methods to assess the benefits achievable by logistics operators, city governments and city users in the fields of people (Traffic management, Public transport and Parking management) and freight transport (City Logistics).
The analysis focused on a set of 71 selected papers published from 2006 to 2014 and explored research methods, application fields and units of analysis.
In terms of the methods used, many of the papers examined present case studies (34%) and simulations (21%). Papers based on case studies aimed to study the application of ITS solutions within the urban context considering specific cities (e.g. London). Papers based on simulations investigated how ITS solutions impact on urban mobility and quantified the effects in terms of costs, times, and/or environmental footprint. It should be noted that the methods used by authors significantly differ based on the type of transport. On the one hand, ITS impact on people transport is investigated through a large variety of methods, with a slight preference for case studies (11) and simulations (9) . Particularly, the areas of traffic management and parking management are mainly analysed through the use of simulations since the costs of installing these systems are high, and it is therefore important to assess the return on investments. ITS solutions can support public transport in multiple ways, as shown by numerous projects already implemented worldwide (IoT Observatory 2012). The diffusion of ITS in this field gives the opportunity to investigate deployed solutions in depth: indeed, case study and benchmarking are the most used methods. The same trend can be observed in freight transport, where the majority of the papers were focused on case studies regarding specific cities. Indeed, case study (11) is the most considered method that can be found in the literature. should investigate the benefits (e.g. reduction of urban traffic and bottlenecks) achievable by using ITS solutions to optimise freight urban transport. In this regard, a model aiming to quantify the ITS-enabled benefits (e.g. economic, environmental) -including the effects on people urban transport -is still missing.
